Monte Carlo calculations of the skin dose for longitudinal linac-MR system using realistic threedimensional magnetic field modeling Impact: This work quantifies the skin dose in a Longitudinal Linac-MR system, where magnetic field is parallel to the radiation beam direction, using its realistic 3-D magnetic field. Introduction: The parallel magnetic field configuration has dosimetric advantages within the patient over transverse geometry 1 . However, the Lorentz force results in a confinement effect on the contaminant electrons which alters the skin dose. The increase in skin dose heavily depends on the properties of the fringe field entering the Linac beam collimation system 2
. In this work, we accurately predict the increase in skin dose for various air gaps between the phantom and the magnet pole, and for various field sizes using realistic MRI fields of the longitudinal configuration. Methods: We calculated the 3-D magnetic (B) field generated by our rotating biplanar 1 Linac-MR assembly using Opera-3D 3 . The simulated geometry includes a Varian 600C 6MV linac, magnet poles, the yoke and magnetic shields. The isocenter is at 126 cm distance from the electron gun and the air gap is defined as a distance between the phantom surface and magnet pole. The EGSnrc Monte Carlo simulations in the presence of a magnetic field are performed by modifying the macro package emf_macros.mortran 4 to read the 3-D Bfield from a file and to interpolate for any particle position. These macros are invoked after the completion of a conventional charged particle step. BEAMnrc is used to score the particle phase-space at the surface of a 40x40x20 cm 3 water phantom. DOSXYZnrc is used to score dose distributions in the phantom. Results: Figure 1 (left) shows the extension of the CAX Bfields with respect to the Linac-MR geometry. The air column refers to the hole in the yoke and pole plate. Our realistic 3-D models include: 1) a generic 1T yoked Helmholtz coil system, 2) ~0.6T rotating bi-planar systems with fringe fields that fall rapidly to below 18 Gauss at the MLC (Fig 1) . For comparison a (somewhat unrealistic) 1-D model 2 of a 1.0T MRI and a fringe field that varies as 1/r 2 is shown. Figure 1 (right) displays the energy fluences of contaminant electrons extracted from phase-space files by averaging over the central 5x5 cm 2 region. The realistic B-fields mostly confine those electrons that are generated in the air gap into the central region via the Lorentz force. In the 1-D model 2 , however, a large fringe field encompasses the Linac collimation system and so electron contamination generated anywhere in the Linac head, air column, and air gap is trapped and directed to the phantom surface with minimal lateral spread, giving rise to a "drastic" focusing of electrons in the center. With the 1-D Bfield model 2 a "huge" skin dose of ~450% is observed whereas with our realistic 3-D models the skin doses are only slightly higher than the no B-field case (Figure 2(b) ). In Figure 2 (c) the dependence of the skin dose increase on the air gap is presented. The air gap was varied from 11.5 to 31.5 cm and an increase of 3% to 13%, respectively, was observed. The curves converge to essentially identical skin dose close to the magnet pole (zero air gap) indicating that the fringe fields of our realistic MRI systems have minimal effect on the skin dose since they do not significantly penetrate the Linac collimation system. Figure 3(left) shows the 2D distribution of the skin dose for radiation field sizes of 5x5, 10x10, 15x15, and 20x20 cm 2 , with and without the magnetic field. For all field sizes a small focusing of the electron contamination is clearly observed. The dependence of the skin dose increase on the field size is plotted in Figure  3 (right). It is interesting to note that the increase in skin dose is larger for a smaller field size. This increase varies from 3% at 20x20 cm 2 to 11% at 5x5 cm 2 . Conclusion: Monte Carlo simulations with realistic 3D magnetic field maps that appropriately account for the rapid decay of the fringe field predict that the increase in the patient skin dose of a longitudinal Linac-MR system is clinically insignificant. 
